Abstract-More and more organizations are being run dependent on information systems. This makes information systems a pivotal component of our lives. Because of globalization and harsh competition, strategic cost management has become essential to keep or gain competitive advantage. These two trends make the investigation of Total Cost of Ownership (TCO) for information systems crucial. To this end, a systematic mapping study (SMS) is presented to identify the use of TCO in information systems context. A summary of the findings after analyzing and synthesizing 75 relevant publications are as follows: (1) an increased interest in TCO for information systems is observed over the years; (2) 76% of the selected publications lack validation and evaluation; (3) the main motivation behind the 72% of the publications is reduction of TCO; (4) essential means of reducing TCO are cloud computing, SaaS model, and multi-tenancy; (5) TCO calculations are also generally made to compare cloud-based infrastructures with in-house infrastructures and SaaS model with on-premise software; (6) TCO is an important criterion in making investment decisions for information systems such as ERP, CRM.
INTRODUCTION
More and more industries and businesses are being run on software, making information systems a pivotal component of our lives. Along with the globalization and harsh competition in the information era, strategic cost management has become an important medium in gaining or keeping a competitive advantage. It presents some opportunities for decision-making improvements in most organizations [1] and takes a broad view of an organization's costs to enhance competitive advantage [2] .
Information and Communication Technologies (ICT) related costs have an important share in most of the organizations' budgets. Most organizations are doing and enhancing their business using ICT. In this regard, information systems have become essential components of most organizations. According to [3] , "an information system is a software system to capture, transmit, store, retrieve, manipulate, or display information, thereby supporting people, organizations, or other software systems". They are bringing efficiencies, providing important services along with their costs. When assessing the costs and benefits of an information system, it is important to consider all the costs associated with its life cycle, i.e. TCO for that information system.
With the penetration of information systems into organizations, they have become an important item in strategic cost management. Therefore, it is important to conduct TCO analysis for information systems to support an organization-wide strategic cost management. In this systematic mapping study (SMS), we focused on the research done on TCO for information systems. We present the current situation and provide some research directions for future studies.
The remainder of the paper is structured as follows: Section 2 presents the background and the related work. Section 3 explains the research method used in this SMS. Section 4 presents the results along with our comments. Section 5 concludes the paper as well as presenting the future work.
BACKGROUND AND RELATED WORK
To the best of our knowledge, there is no SMS on TCO for information systems. There are some studies in grey literature such as [4] . In this SMS, we exclude grey literature and focus on studies made in academia.
TCO is a concept aiming at understanding the relevant costs of purchasing a particular good or service from a particular supplier [1] . TCO concept expands the notion of purchasing cost by combining the life cycle cost effects with the acquisition price [5] . Wouters et al. define TCO as an application of Activity-based Costing that quantifies the costs that are involved in acquiring and using purchased goods and services [6] . Garfamy states that TCO focuses on the true costs associated with the entire purchasing cycle, thus it considers all costs related to the acquisition, usage, maintenance and follow-up of purchased goods or service as well as purchasing price [7] .
Considering all definitions, TCO for an information system encompasses all the costs associated with its life cycle. Hereby, the life cycle of an information system refers to the entire time from the idea of developing the system to the end of its life. An information system includes more than one component, namely hardware, software, network related subsystems and humans. These components can be realized by purchasing a good or service. For instance, a server (a good) or a hosting service (a service) can be purchased within the scope of an information system. Moreover, a software component can be purchased (as onpremise or SaaS) or can be developed in-house.
A typical information system should be maintained due to changes in business requirements, legal responsibilities, hardware, communication standards, etc. Therefore, many activities are done during the life cycle of an information system, such as governance, development, and operations. Galberaith and Kyte define TCO for an information system as the full lifetime costs of that system having five key components [8] : cost to implement, cost to operate, costs to support and maintain, costs to enhance and extend, and cost to decommission.
A TCO analysis can be used for many reasons [1] , such as  selecting a supplier and/or system,  deciding on whether to develop or procure a system or some part of it,  supporting evaluation of bids and requests for proposals,  driving improvement, such as performance improvement, process improvement, reducing costs.
These reasons are also applicable to TCO analysis for information systems and drive strategic cost management activities within an organization. To this end, we systematically reviewed the literature on TCO for information systems using a well-defined research method.
RESEARCH METHOD
In this study, we used SMS as the research method. SMS is a kind of secondary study, which provides a broad review of primary studies in a specific topic area that aims to identify what evidence is available on the topic [9] . Secondary studies review all the primary studies related to a specific research question (RQ) with the aim of integrating/synthesizing evidence related to a specific RQ [9] . SMS provides evidence by categorizing the results of the primary studies [10] . Moreover, visual aids (such as graphs) are generally used for presenting high-level findings.
This SMS was performed by following the guidelines and process proposed by [10] , [11] . The main steps of the process are as follows:
 Identifying the RQs  Identifying the search string and searching for publications  Applying exclusion criteria for obtaining relevant publications  Identifying and refining attributes to build a classification scheme  Performing systematic mapping by extracting data Figure 1 illustrates the steps of the process and the artifacts using Business Process Model and Notation (BPMN Figure 1 . The process used in this SMS
Research Questions
The objective of this SMS is to structure the research on TCO for information systems. Based on our academic and industrial experience on information systems, we defined the following RQs: 
Search in Digital Libraries
Before conducting a search on the academic digital libraries, we identified the search terms. We used "total cost of ownership" as one of the mandatory search terms.
To search the publications related to information systems, we used "information system", "software", "application", and "program" as search terms. These terms are combined using OR operator. The resulting search string is as follows:
(("total cost of ownership") AND (("information system") OR (software) OR (application) OR (program)))
We searched the following five major digital libraries to obtain relevant publications: (1) ACM, (2) IEEE Xplore, 
Publication Selection
We excluded some publications by applying exclusion criteria. In line with the SMS guidelines [9] , we applied the following exclusion criteria (EC) on the publications obtained after the search:
 EC1: Publication is repeated in an already mined source  EC2: Publication is presenting a summary of a keynote, a workshop introduction, only an abstract  EC3: Publication's main topic is not related to information systems  EC4: Books
The first author selected the publications by reading the titles, abstracts, and keywords and applying the exclusion criteria. In some cases, full texts have been reviewed for applying the exclusion criteria. The number of included and excluded publications is illustrated in Table 2 . In the search interfaces of some digital libraries, books are excluded while searching wherever applicable. The list of resulting 75 primary studies are presented in Appendix B. 
Classification Scheme
A classification scheme is required to categorize the final set of publications to be able to answer RQs. We formed this classification scheme iteratively by reviewing the final set of publications. Table 3 illustrates the final classification scheme that we developed after applying the process visualized in Figure  1 . In the table, the first column is the list of RQs, the second column is the corresponding attribute. The third column is the set of all possible attribute values for the attribute, if applicable. Finally, the fourth column indicates for an attribute whether multiple selections can be applied. The research questions RQ1 and RQ2 are answered by analyzing the publication year and the affiliations of the authors. The publications with affiliations from universities are marked as "academia"; whereas the publications with affiliations from companies are marked as "industry. If a publication has an affiliation with both universities and companies, we have marked as "both".
The research type attribute is addressing RQ3. We adapted the attribute types from [12] as listed below:
The idea/solution/proposal has not been implemented in practice; it was validated in an experimental setting such as a lab experiment.
Evaluation:
The idea/solution/proposal is implemented in practice and the results of the implementation have been evaluated. 3. Solution Proposal: The idea/solution/proposal is presented; neither a validation nor an evaluation has been made. 4 . Opinion: These publications present personal opinions without relying on related work and research methodologies.
To identify the motivations behind dealing with TCO (RQ4), we derived a classification. We inspired from [1] while building this classification.
Reduction of TCO:
Understanding the drivers and calculation of TCO usually drives an improvement, whose ultimate goal is TCO reduction. Therefore, considerable efforts are allocated to propose methods, techniques, and tools to reduce TCO. 2. Decision making based on TCO: TCO reflects the total cost of an information system associated with its life cycle. Therefore, TCO is an important criterion for making decisions on implementing a new information system as well as maintaining, keeping, and replacing an existing one. 3. Calculation of TCO: Calculation of TCO for an information system is not straightforward. There are many components in a typical information system, such as hardware, software, network components, staff, etc. Moreover, such a system is a living entity, which needs continuous maintenance and operational effort with associated costs. Therefore, methods and tools are proposed to calculate TCO for an information system.
The motivations above are not mutually exclusive; are interconnected. For instance, you need to calculate TCO before using it as a decision criterion; you need to understand the drivers of TCO before reducing TCO. Therefore, a study might include more than one motivation. In this SMS, we identified the mainly emphasized motivation of a study.
After we identified some attributes to build our classification scheme, we started to review the selected publications to explore further RQs. We formulated RQ4.1, RQ4.2, and RQ4.3 based on the insight we obtained after a more detailed review. We observed some patterns for the answers of RQ4.1 and RQ4.2 and built a list of attribute values. We did not observe such a pattern for the RQ4.3.
The classification for RQ4.2 includes some concepts, which are widely used. We give a brief description of these concepts below:
1. Cloud computing, SaaS, Multi-tenancy: Cloud computing enables ubiquitous, convenient, ondemand access to a shared pool of configurable resources (e.g., networks, servers, storage, applications, and services) [13] . It provides five essential characteristics, namely on-demand selfservice, broad network access, rapid flexibility on scalability, measured service, and resource pooling [13] . Computing resources are pooled to serve multiple consumers using a multi-tenant model [13] . Multi-tenancy is an approach to share a computing resource between multiple tenants by providing every tenant a dedicated share of the resource, which is isolated from other shares regarding performance and data privacy [14] .
Software as a Service (SaaS) is defined as the capability provided to the consumer to use the provider's applications running on a cloud infrastructure [13] . SaaS is a service model of cloud computing along with Platform as a Service (PaaS) and Infrastructure as a Service (IaaS). A cloud infrastructure is a collection of hardware and software that enables the five essential characteristics of cloud computing [13] . Cloud computing provides the scalable and dependable hardware and storage for SaaS and usually, the Internet provides the communication for SaaS [15] .
2. Virtualization, Use of special hardware: Virtualization is one of the enabling technologies of cloud computing. Virtualization provides a temporarily simulated or extended version of computing resources such as processors, operating systems, storages, and network [16] . It enables resource sharing ending up with server consolidation, centralization of resource management [16] . Another option could be using a special hardware to reduce costs (such as using handheld computers for data collection). 3. Autonomic computing: Autonomic computing aims to realize computer and software systems that can manage themselves with little or no human intervention [16] . As today's information systems are getting much more complex, human interventions cause more failures and cost more. Cloud computing considers autonomic computing to reduce the complexity of managing large and distributed cloud data centers, increase resource availability, enhance flexibility, and ensure optimal utilization [16] . 4. OSS: OSS is a kind of software whose source code is available with a license providing the rights to study, change, and distribute the software to anyone for any purpose [17] . Use of OSS often could be used as a vehicle to decrease costs.
Process improvement:
Process improvement encompasses identifying, analyzing, and improving existing processes in some dimensions such as efficiency, effectiveness, and flexibility.
Data Extraction
We extracted the relevant data presented in the selected publications to answer our RQs. The title, abstract, and author keywords are reviewed. We downloaded the full texts of the selected publications and reviewed these, especially discussion and conclusion sections to extract more data with high quality. Data extraction has been performed by the first author and reviewed by the second author. The data are recorded and maintained using Microsoft Excel.
Potential Threats to Validity
Reliability is achieved if a study yields the same results when replicated by other researchers [18] . To make this study replicable, the process is defined clearly. The search phase is completely replicable. The exclusion criteria for selecting primary studies are defined. The publications were selected only by the first author, which might have introduced some bias in the process. To reduce this threat, the second author has reviewed the selected publications and made some revisions. Moreover, the selection process was carried out iteratively to reduce misinterpretations to a minimum level. In some cases, title, abstract, and keywords were not sufficient for applying the exclusion criteria. In such cases, the full texts of some publications are examined. This also increased the reliability of this SMS.
Building a classification scheme is not completely replicable. It possesses a perspective, which specifies what to consider and what to discard. We tried to build a classification scheme, which enables to answer our RQs, and in line with the body of knowledge and experience accumulated in academia and industry.
RESULTS OF SMS
In this section, we present the results of our SMS by answering the RQs. Figure 2 illustrates the number of publications over the years. The earliest publication appeared in 1999. We can observe an increasing trend in the number of publications over the years. 
RQ1: What is the annual number of publications and which trends can be observed in terms of the number of publications over time?

RQ2: What is the distribution of studies between academia and industry according to the authorship?
As illustrated in Figure 3 , 50% of the publications (37 publications) have been published by academics only, whereas 37% of the publications (28 publications) published by industrial practitioners only. The remaining 13% (10 publications) have been published with collaboration between academic and industrial practitioners. Figure 4 illustrates how the research type is distributed. Most of the publications are just presenting opinions (55 publications) without any systematic validation and evaluation. Figure 5 shows that there is slightly increased interest in the evaluation (12 publications in total) and validation type research publications (6 publications in total) in recent years. There are very few publications proposing a solution (2 publications without a validation or an evaluation). Figure 6 illustrates the mapping of publications in terms of their main motivation. Their cumulative and annual numbers are shown as well. As can be seen, reduction of TCO is the dominating main motivation with 72%. Calculation of TCO and decision making based on TCO are the following motivations with 17% and 11% respectively. Figure 6 . Mapping of publications by motivation facet
RQ3: What type of research has been conducted related to TCO for information systems?
RQ4: What is the main motivation, which is related to TCO for information systems, of the research?
Main
RQ4.1: What are the main objectives of calculating TCO for information systems?
We identified some common objectives of calculating TCO as illustrated in (Table 4) . [PS01] compares the cost of hosting an information system on a cloud-based (Amazon Web Services) with in-house infrastructure. The TCO for the system decreases 35% when cloud-based infrastructure is selected for the first three years. Moreover, the capital expenses (CapEX) for the cloud-based infrastructure is zero.
[PS02] reports that even small-scale private cloud-based infrastructures can bring economic benefits by reducing TCO. Usage patterns are another important parameter on how many economic benefits can be obtained from cloudbased infrastructures. Economic benefits are more when usage patterns are fluctuating rather than constant [PS04].
[PS07] compares cloud-based and in-house business intelligence solutions and favors cloud-based solution.
[PS11] presents an approach for analyzing cloud-based systems.
[PS05] calculates TCO for a Customer Relationship Management (CRM) software both for SaaS and onpremise model.
[PS06] and [PS12] present TCO analysis for selecting SaaS or on-premise model for business applications.
[PS08] calculates the TCO for information systems with OSS and investigate the feasibility of using OSS in public and private companies. It points out some hidden costs in OSS adoption [PS08] .
[PS03], [PS10] , and [PS13] calculate TCO for estimating and assessing costs. [PS09] proposes a tool for calculating TCO along with a cost allocation feature. This tool uses Activity-based Costing method to allocate costs to the appropriate cost centers.
RQ4.2: What are the means for reducing TCO for information systems?
We identified some common groups of medium (method, technology, approach) along with their focus on one or more cost categories driving TCO (Table 5) .
Cloud computing removes the CapEx on building an infrastructure (such as a data center) [16] . CapEx is transformed to operating expenses (OpEx) to a large extent based on the usage and spread over time. This lowers the investment cost for many projects. Moreover, resource sharing can provide an increase in utilization and hence significantly reduce operational costs, including human costs; maintenance costs [16] . SaaS model can reduce software license and development costs as well. In addition, maintenance costs for SaaS can be much lower than on-premise software.
Cloud computing provides a powerful infrastructure for many information systems in education [PS20] , [PS57] , ecommerce [PS30], analytics [PS25] , and scientific computing [PS35] . [PS29] proposes to host a SCADA (Supervisory control and data acquisition) system on the cloud. [PS23] and [PS54] propose to host multiple tenants in the same database to reduce TCO. [PS58] extends the idea of multi-tenant database to multi-tenant business applications by having many consumers using the same instance of a business application. SaaS model is used in [PS14] for museum collection management system, in [PS32] for hospital management system, in [PS36] for astronomical data analysis and visualization, in [PS52] for software streaming. An earlier example from the year 2001 is proposing web-based LDAP (Lightweight Directory Access Protocol) management system to reduce TCO [PS51] . Finally, SaaS model is also proposed for ERP (Enterprise Resource Planning) systems [PS37] , [PS43] . [PS14] reports that using SaaS model can provide a saving of at least 60% of investment costs and about 50% of annual operating costs. [PS52] observed some savings in TCO in a lab environment.
[PS28] is about virtualizing an infrastructure for hosting DNS, e-mail server software, e-learning software etc.
[PS16] used electronic kiosks as hardware to reduce TCO.
[PS50] consolidated some hardware for better utilization and reported some savings in TCO.
Within the scope of autonomic computing, [PS55] proposes to create self-directed, self-governing, and selfadapting systems to deliver safer, more reliable and costeffective systems. [PS56] explains a self-organizing infrastructure for information systems to reduce hardware and human costs, thus lower TCO.
[PS34] discusses the use of OSS in developing countries, specifically in Tanzania 
RQ4.3: What are the decisions made based on TCO for information systems?
[PS70] points out that maintenance costs are generally neglected when selecting ERP software. It reports that customizations and add-on procurements done during maintenance phase have a significant impact on TCO, hence proposes to consider TCO during ERP selection.
[PS68] uses TCO as one of the criteria for ERP selection along with functionality offered to include lifetime costs.
[PS71] identifies TCO as one decision criterion for Customer Relationship Management (CRM) software selection.
[PS69] proposes a framework for SaaS model adoption having TCO as one of the main criteria. [PS72] suggests assessing TCO as one decision criterion in deciding on the hosting of data warehouse in-house or on an application service provider. [PS75] considers TCO to decide the hosting of an e-commerce platform. [PS73] uses TCO as a criterion to use OSS for an e-commerce system.
[PS74] focuses on software process and discusses the selection of Java or .NET framework based programming platform. It proposes to assess TCO for an information system based on Java and .NET framework to decide on the programming platform.
CONCLUSIONS AND FUTURE WORK
To the best of our knowledge, this study is the first SMS on TCO for information systems. In this paper, we report the results of our SMS documenting and analyzing the current state of TCO concept for information systems. We selected 75 primary studies, which discuss TCO concept for information systems. We classified the selected studies in terms of their research type and main motivation for dealing with TCO concept. Moreover, we defined and answered more detailed RQs addressing means of TCO reduction, main objectives of TCO calculation, and decisions made based on TCO.
Among the studies we have analyzed, neither academia nor industry is dominating the studies in TCO for information systems. Most of the studies are just stating opinions without supporting validation or evaluation. We also observe that there is very little collaboration between academia and industry. For validating and evaluating TCO related studies, academia needs data from industry. Therefore, we believe more collaboration between academia and industry is needed.
Most studies target reducing TCO. To achieve this objective, proper calculation of TCO for information systems is needed. Therefore, we believe building TCO calculation methods and frameworks might be helpful. These methods and frameworks should be extendable to handle many usage scenarios, easy to learn and use to be used in industry, include necessary level of detail (not too much to become a burden and too few to prevent proper calculation). Cloud computing, SaaS model, and multitenancy are essential means for TCO reduction. Cloudbased systems reduce investment costs dramatically for many businesses, by cutting the costs of a new infrastructure (especially in terms of CapEx) as well as employing and training employees. Moreover, the costs of cloud-based systems are decreasing. The dominating objective for TCO calculation is to compare cloud-based infrastructures with in-house infrastructure and SaaS model with on-premise software. Along with developments in ICT, cloud-based systems and SaaS model are generally selected after a TCO analysis.
TCO is one side of the coin. The other side associated with the ownership is benefit. Cost/benefit analysis, which is an important part of project feasibility studies, clearly addresses this inevitable association. Therefore, TCO analysis should be coupled with benefit realization to assess the success of investing in information systems.
Overall, we observe an increasing interest in TCO for information systems. This trend is compatible with the increasing pressure in cutting costs to become or remain competitive and the essential role of information systems in organizations along with their increasing share in budgets. Since TCO concept has very much practical implication in organizations, some grey literature is present on this topic. Therefore, a Multivocal Literature Review (MLR), which includes grey literature in addition to academic literature (such as [19] ), can be conducted as well on this topic.
"Command Search" under "Advanced Search Options" has been used.
We queried the database 3 times using the 3 search strings.
We combined the results manually on Excel. 
